Fecal samples from suckling (n 5 153) and weaned (n 5 116) piglets with diarrhea in Japan were examined for shedding of viral, bacterial, and parasitic pathogens using culture, microscopic, and polymerase chain reaction methods. In suckling piglets, diarrhea was attributed to infection with a single etiologic agent in 60.8% of cases and with combinations of agents in 22.2%. In weaned piglets, diarrhea was attributed to a single etiologic agent in 43.1% and to combinations of agents in 47.4% of cases. Rotavirus was the most prevalent agent in suckling (67.3%) and weaned (65.5%) piglets. The detection of other pathogens was associated with age of the animals examined. Coccidia were predominantly isolated from suckling piglets, whereas Escherichia coli was found predominantly in weaned piglets. Although a relationship was not observed between detection rate of rotavirus and age of piglets, a single group of rotavirus was detected in 87.5% of suckling piglets whereas multiple groups were detected in 51.6% of weaned piglets. The results of this study confirm that diarrhea in piglets can, to a variable degree, be causally associated with multiple agents. Additionally, these results suggest reasons why this syndrome can be difficult to control.
Introduction
Diarrhea in pigs is a complex problem resulting from interaction between infective agents, host immunity, and management procedures. It causes considerable economic loss to the pig production industry, especially in suckling and weaned piglets. 4, 21, 29 The diagnosis and preventive measures are difficult because of the variety of enteric pathogens that can be isolated in piglets of this age. The most common causes of diarrhea in piglets are coronavirus (including transmissible gastroenteritis [TGE] virus and porcine epidemic diarrhea [PED] virus), rotavirus, enterotoxigenic Escherichia coli (ETEC), Clostridium perfringens, and coccidia (including Isospora suis and Cryptosporidium parvum). These enteric pathogens account for the major proportion of piglet diarrhea cases. 12, 15, 20 Investigations aimed at determining the prevalence of these pathogens have been conducted worldwide. However, many studies have concentrated only on a single pathogen and there is inadequate information concerning other relevant enteric pathogens. 2, 26, 31, 39 Although some investigations were concentrated on mixed infections, those were reported more than 10 years ago and are unlikely to reflect the current epidemiologic situation. 6, 15, 20 Furthermore, to the authors' knowledge, there are no reports concerning multiple agents in Japan. The main objective of the study reported here was to determine the relative importance of enteric pathogens causing piglet diarrhea in Japan. Identification of the prevalent agents is likely to improve our understanding of the epidemiology of this disease, as well as providing information about the most appropriate therapies or vaccination.
Materials and methods
Fecal samples. Between October 2001 and September 2003, fecal samples from 153 suckling piglets (0 to 21 days old) and 116 weaned piglets (23 to 35 days old) were collected at 14 pig production farms in Japan. The farms comprised 5 small facilities (100 to 500 mother sows), 6 medium facilities (501 to 1,000 mother sows), and 3 large facilities (.1,001 mother sows). The piglets were raised on either slatted pen or concrete floors, with or without straw. Three farms were managed by the 'all in-all out' procedure, whereas on the other 11 farms, the animals were raised by the continuous flow procedure. All samples were collected from piglets that had not been previously treated with antibiotics. The number of samples collected at 1 farm ranged from 5 to 20, representing approximately 10 to 15% of the piglets with diarrhea at the time of sampling. Samples were taken only from piglets with diarrhea during 1 outbreak.
Bacteriologic examination. Bacteriologic examination was carried out for E. coli, Salmonella spp., and Clostridium perfringens. For isolation of E. coli, fecal samples were cultured on DHL agar a plates and sheep blood agar plates for 18 hr at 37uC. Isolates of E. coli were considered relevant if they had 1 of the 11 virulence factor genes (F4, F5, F6, F41, F18, LT, STI, STII, VT1, VT2, eaeA) detected by use of polymerase chain reaction (PCR) analysis as described. 8, 9, 16 The O-antigens of E. coli were identified by agglutination with polyclonal rabbit antisera as described. 24 The rabbit antisera were kindly provided by Dr. H. Hobayashi, National Institute of Animal Health, Tsukuba, Ibaraki, Japan. Clostridium perfringens was isolated on sheep blood agar and CW agar b incubated under anaerobiotic conditions for 24 hr at 37uC. Isolates of C. perfringens were considered relevant if type-C toxin (alpha and beta) was identified by use of PCR analysis as described.34 Salmonella sp. was isolated using Rappaport-Vassiliadis broth and DHL agar, and was identified by use of PCR analysis 1 and polyvalent antisera. c Virologic examination. Viral RNA was extracted from the fecal samples using TRIzol LS d according to the manufacturer's instructions. Testing for rotavirus, TGE virus, PED virus, and sapovirus was done by use of reverse transcriptase (RT)-PCR analysis as described. 7, 10, 13, 25, 28, 35 For serogrouping of rotavirus (groups A to C), extracted double-stranded RNAs were then examined by use of polyacrylamide gel electrophoresis, followed by silver staining using a commercially available kit. e, 32 Parasitologic examination. Coccidia and C. parvum were identified by microscopically examining feces for oocysts after fecal flotation concentration as described. 27 
Results
The frequency of detection of enteric pathogens in suckling piglets is shown in Table 1 . Rotavirus was the most frequently detected agent, alone or in combination with other agents, followed by coccidia, E. coli, and sapovirus. In weaned piglets, rotavirus was the most frequently detected agent, followed by E. coli, sapovirus, coccidia, and C. parvum ( Table 2) . In this study, TGE virus, PED virus, C. perfringens type C, and Salmonella spp. were not detected. Table 3 compares the frequency of each enteric pathogen in pigs at various ages. Detection of coccidia was predominant during the second week, followed by the third and fifth weeks of age. In contrast, E. coli, sapovirus, and C. parvum were more likely to be found in weaned piglets with diarrhea than in suckling piglets. Rotavirus was the most common pathogen in suckling and weaned piglets. A single rotavirus serogroup was detected in 87.5% of suckling piglets, whereas multiple serogroups were detected in 51.6% of weaned piglets (Fig. 1) .
The presence of virulence factor genes in 83 E. coli isolates is shown in Table 4 . Fimbrial gene F4 was dominant and was detected in 45.8% isolates. Other colonization factor genes detected were F5 (18.4%), F6 (26.3%), F41 (5.3%), F18 (26.3%), and intimin (eaeA) (10.5%). The prevalence of toxin genes was STa (80.7%), LT (45.8%), STb (44.6%), VT2e (15.7%), and VT1 (4.8%). The most prevalent virulence factor profile was F4, LT, STa, and STb.
Of the 83 E. coli isolates, the O serogroup was detected in 79 and these belonged to 7 groups (O149, O141, O20, O8, O9, O139, and O64). The relationship between virulence factor genes and serogroups is shown in Table 5 . Seven types accounted for 72.2% of isolates: O149 (F4, LT, STa, STb), O149 (F4, LT ), O149 (F4, STa, STb), O20 (F6, STa), O20 (STa), O141 (F18, LT, STa, VT2e), and O8 (F5, STa). The F5 gene was found in serogroup O8, and the F4 gene was only found in serogroup O149 isolates, except for 5 isolates of serogroup O9. All isolates of serogroups O8 and O9 harbored the STa gene. The VT2e gene was found in isolates of serogroups O139 and O141.
Discussion
The main objective of the study reported here was to determine the relative importance of enteric pathogens associated with the infectious diarrhea of suckling and weaned pigs in Japan. Rotavirus is considered to be an important enteric pathogen in piglets and was detected in 67.3% of suckling piglets and 65.5% of weaned piglets of this study. Johnson et al. 15 also reported that rotavirus was the most important pathogen in newborn pigs and were able to isolate it from 35 to 60% of them. Diarrhea associated with rotavirus is called ''3 week scours.'' 5 The onset of diarrhea caused by rotavirus in newborn piglets that are protected by maternal antibody is thought to be rare. In the study reported here, rotavirus was isolated from a high percentage (81.7%) of 1-week-old piglets, and the prevalence of rotavirus in piglets from gilts (21.6 %) was significant higher than in those born to sows (11.0 to 18.0%). The sow's antibody titer and the piglets' initial feeding time are, therefore, likely heavily involved in the onset of rotavirus diarrhea.
Sixty to 70% of rotavirus isolated from suckling piglets belonged to group A, whereas in weaned piglets, the proportion of simultaneous infection by multiple serogroups and by groups other than group A was found to be increasing. Similar results of previous investigations also were reported. 14 With rotavirus, cross-protection among serogroups is not established. Viruses with multiple serogroups are thought to be present in weaned piglets because of infection by various serogroup strains during weaning. This is likely to further complicate the pathology of postweaning diarrhea.
Escherichia coli was isolated from 17.2% of suckling piglets and 58.1% of weaned piglets, representing a decrease in comparison with previous reports. 15, 20, 22 This may be attributable to the onset being controlled by appropriate use of ETEC vaccination (8 farms of this investigation used ETEC vaccine) and antibiotics during suckling. With mixed infection by E. coli and rotavirus, intestinal malabsorption and hypersecretion occur simultaneously *  0  5  1  0  1  3  2  0  0  0  12  Total  6  22  1  4  3  3  13  2  8  21  83 * Isolates did not harbor any of the adhesion factor genes investigated in this study. and are linked to an increase in mortality and to worsening signs of disease, compared with those of single infection. 3, 17, 18, 33 These 2 types of pathogens were detected in 44.1% of cases of mixed infection in suckling piglets and in 72.7% cases of mixed infection in weaned piglets. Greater than 90% of the E. coli isolates produced one or more types of enterotoxin, and 79.3% of strains had adherent fimbrial genes. The serogroups of ETEC isolated in decreasing order of detection frequency were: O149, O141, O20, O8, O9, and O64. Serogroup O149 accounted for about 40% of all pathogenic E. coli isolates. In previous reports, O149 was the most predominant serogroup isolated from piglets in North America and Europe. 11, 23, 37, 38 The highest prevalence of coccidia was seen in 2-to 3-week-old suckling piglets. This finding corresponds to those of an earlier investigation. 36 Five species of 2 genera of coccidia have been reported to display diarrhogenicity in suckling piglets. 19 In the study reported here, we did not proceed to species identification, but there is a need for more detailed study in the future.
In this investigation, no agents were found in 17% of the suckling piglets and 9.5% of the weaned piglets. Negative results were probably attributable to infection with other enteric pathogens (e.g., Clostridium difficile, Enterococcus durans, adenovirus, 15, 20, 40 or noninfective contributing factors). 30 On the basis of results of this study, multiple pathogens are involved in 30% of piglet diarrhea cases. There are numerous instances where the main cause of diarrhea cannot be identified when there is mixed infection, leading to difficulty in implementing effective prevention and treatment programs. 12, 36 In addition, rotavirus was detected in .65% of the piglets tested. Thus, preventive measures against diarrhea that results from mixed infection involving this virus must be quickly established. 
